the anaesthetist, without attempting to assess the block, left the delivery suite.
Two-and-a-half hours later a top-up was requested. As the woman complained of severe itch, the anaesthetist was notified and instructed the midwife to administer the alternative solution he had charted, plain bupivacaine 0.25% 10 ml. This 25 mg bolus was given as 2 ml followed two minutes later by the further 8 m!. On completion of the injection, the woman complained of 'heavy' legs and hands, and rapidly became apnoeic, with apparent loss of consciousness. She was turned to the left lateral position, and ventilated by a midwife with 100% oxygen via a non-re breathing resuscitation bag.
The hospital emergency paging system was incorrectly activated and the after-hours registrar took eight minutes to respond to a standard call to delivery suite. On his arrival, he found the woman to be well oxygenated and perfused, normotensive but apnoeic, with reactive dilated pupils. Intravenous naloxone 0.4 mg was administered with no significant effect and she was intubated without adjuvant drugs, ventilation being continued with 100% oxygen. Vaginal examination revealed 5 cm cervical dilatation, and although fetal cardiotocography was normal, the obstetric registrar in attendance decided to proceed to emergency caesarean section. Just prior to surgery, 30 minutes after intubation, spontaneous movement of the eyes and upper limbs recommenced. Therefore, general anaesthesia was induced with nitrous oxide: oxygen (50:50), enflurane 1 % and vecuronium 4 mg. Ten minutes later a healthy male infant with Apgar scores of 9 and 9 was delivered. Surgery was completed thirty minutes later and she was extubated awake with good spontaneous respiration. Shortly after, 100 minutes after her 'collapse', sensory and motor block were assessed as having an upper level ofTl.
At two-and-a-half hours, sensory anaesthesia had regressed to T 1 0 and her first request for postoperative analgesia was made after four hours.
With her consent a radiological study was performed using 5 ml of water-soluble iodine-based radiographic contrast (iopamidol). Contrast injected via the epidural catheter was seen to spread into both the subarachnoid and epidural spaces.
Further history was elicited from the woman later that day. She described the onset of analgesia after the initial epidural bolus as 'immediate', followed shortly thereafter by inability to move her legs or support herself upright in bed. Her main complaint, however, was severe pruritis involving her face and trunk. After the second bolus she described a rapidly ascending paralysis and the inability to breathe. She had some recall of her initial collapse, her subsequent intubation, and her transfer to the operating theatre.
On the first postoperative day she discharged herself against medical advice, showing no evidence of postoperative complications or postdural puncture headache at that time.
DISCUSSION
Inadvertent spinal anaesthesia following dural puncture at epidural space localisation or catheterisation occurs in about 1 in 3000 to 4000 obstetric epidurals. I ,2 In this case report, dural puncture, during a difficult epidural insertion, was unrecognised by the registrar anaesthetist, as was subarachnoid placement of the epidural catheter. Furthermore, signs suggestive of spinal anaesthesia were not detected by either the anaesthetist or attending midwife, so that when a subsequent (and larger) bupivacaine bolus dose was administered a life-threatening 'total spinal' ensued.
The almost immediate onset of complete pain relief is a striking feature which should alert the anaesthetist to subarachnoid administration of local anaesthetic during obstetric analgesia. In contrast, after the normal epidural administration of a low-dose bupivacaine-fentanyl combination, clinically effective relief of labour pain is achieved in ten to fifteen minutes,3,4 as with stronger solutions of bupivacaine alone. The duration of effect of such combination solutions epidurally is approximately 90 to 120 minutes,3,4 as opposed to the 150 minutes before a top-up was required in this case. Severe pruritis is a common feature of subarachnoid opioids, including fentanyl. 5,6 In contrast, epidural fentanyl results in mild pruritis in about 30% of obstetric cases, but is rarely severe or of a facial distribution, usually being confined to the trunk and limbs. 7 Finally, motor block is usually minimal with low-dose combinations. In this case the woman had neither dyspnoea nor upper limb weakness, but the profound truncal and lower limb weakness she experienced was not recognised as unusual.
Failure to recognise subarachnoid catheter placement has been reported previously when a combination of low-dose bupivacaine and lipophilic opioid (0.125% bupivacaine-pethidine 25 mg 10 ml) was given for obstetric analgesia. 8 The degree of sensory-motor block which resulted from the initial epidural bolus is consistent with the administered dose of bupivacaine. Subarachnoid bupivacaine 0.125% 10 ml with adrenaline has recently been investigated as an agent for spinal caesarean section. 9 A sensory level of T9 was achieved within two minutes, mean maximum level being T2 (range C5-T5). Profound motor block of the lower extremities developed rapidly, but no patient experienced respiratory difficulty. Regression of sensory anaesthesia to Tll occurred in three hours.
The effect of subarachnoid fentanyl has not been well evaluated. Preliminary human studies have shown the significant analgesic effect of 6.25 to 50 mcg doses, but have not investigated respiratory effects in detail. 5,6,10 A study of elderly males undergoing urological operations found that 50 mcg of subarachnoid fentanyl resulted in early respiratory depression in all cases. Two patients had periodic breathing and one a respiratory, followed by cardiac arrest, sixty minutes postadministration. I I Although the pharmacokinetics of subarachnoid fentanyl have not been investigated, this probably reflects rapid cephalad cerebrospinal fluid spread to the brainstem respiratory centre of an excessively large dose for this route. Accidental subarachnoid administration of another lipophilic opioid, pethidine, in a clinically appropriate epidural dose, has also produced severe respiratory depression and coma. 12 In this case report, respiratory depression, as assessed by respiratory rate monitoring at 15, 30 and 60 minutes post-injection, did not appear to occur. Respiratory rate may correlate poorly with both hypoventilation and hypoxaemia after spinal opioid administration,D but along with observation of conscious state, is the basis of minimum routine monitoring in most hospitals.
Although so called 'isobaric' plain bupivacaine is not recommended as a spinal anaesthetic agent in the obstetric population (due to variability in both speed of onset and upper level of block), 12.5 mg (as 0.5% 2.5 ml) for caesarean section results in a mean sensory dermatomal level of T2.14 In this case, following 25mg ofbupivacaine (as 0.25% 10 ml), a characteristic total spinal ensued, with the rapid onset of apnoea and loss of consciousness, although without hypotension. Sixty minutes later at the completion of caesarean section, full recovery of consciousness and adequate spontaneous ventilation were present. Subsequent radiographic findings indicate it is possible only part of this dose entered the subarachnoid space, due to differential flow through the epidural catheter side-holes.
The decision to perform caesarean section immediately in this case is worthy of consideration. On most occasions immediate delivery will be chosen on fetal grounds -that is, the presence of fetal distress at a time when urgent vaginal delivery is not possible. During 'total spinal', hypotension, severe and difficult to correct, may be present, severely compromising uteroplacental blood flow, fetal oxygenation and well-being. On this occasion the woman was positioned to avoid aortocaval compression, was adequately hydrated and remained normotensive throughout. There were no other maternal complications (for example acid aspiration) which may have warranted early delivery to expedite her management. A more conservative approach to obstetric management (continuous fetal monitoring, awaiting spontaneous maternal recovery for later vaginal delivery), may have been appropriate for this primigravid woman.
This case highlights several other important considerations. First, dural puncture by needle or catheter may go unrecognised, even after aspiration. IS A test dose for subarachnoid catheter placement, although a contentious subject 16 , can only be recommended, particularly if multiple attempts have been made to identify the epidural space. No test dose is completely reliable and patient safety relies on the presence of a vigilant anaesthetist. In this case, the anaesthetist left without carefully considering the clinical features of the epidural analgesia obtained or checking the woman for sensory changes in the relevant dermatomal distribution. Although changes in temperature perception may not be marked with low-dose epidural combinations, complete sensory anaesthesia would suggest a subarachnoid block. The principle that 'every dose is a test-dose' is also important. All epidural boluses should be administered in divided doses using small incremental aliquots. Had this method been applied to the second bolus ofbupivacaine alone, it is possible the potentially lethal consequences of a 'total spinal' may have been averted. Obstetric deaths due to inadequate management of this major complication continue to be reported overseas. IS The failure to recognise the subarachnoid injection of a low-dose bupivacaine-fentanyl combination on establishment of epidural analgesia in labour suggests perhaps even greater vigilance is required when low-dose bupivacainefentanyl mixtures are used, and attention should be drawn to this in the review or development of educational programs, monitoring and management protocols for both practitioners and midwifery staff. It is imperative that well trained nursing and medical staff are readily available for prompt, appropriate resuscitation and management, as was provided in this case.
In conclusion, this case report is the first to describe the inadvertent subarachnoid administration of low-dose bupivacaine-fentanyl combination during epidural analgesia in labour. Neither severe respiratory depression nor total spinal anaesthesia occurred; however, the incorrect catheter placement was not recognised and potentially life-threatening high spinal anaesthesia followed a larger subsequent bolus of bupivacaine alone. Massive air embolism is a rare, sometimes lethal, complication of caesarean section. \- 4 We describe a case of paradoxical cerebral arterial gas embolism treated with hyperbaric oxygen (HBO) with a subsequent good outcome.
Hyperbaric Oxygen for Cerebral Arterial Air Embolism

CASE HISTORY
The patient, a 33-year-old woman, gravida 2, para 1, presented for elective lower segment caesarean section for grade 4 placenta praevia. There had been three slight episodes of bleeding in an otherwise normal pregnancy. Preoperatively, she gave a vague history of a childhood cardiac defect. Later information suggested this was rheumatic fever. She also complained of 'rheumatism' in her legs since childhood. No abnormality of the cardiovascular system was detected on examination. She was extremely anxious and refused epidural anaesthesia.
Premedication was with ranitidine 150 mg orally night and morning and sodium citrate 30 ml prior to induction. An intravenous line was established and she was placed in the left lateral tilt position. Following preoxygenation, a rapid sequence induction was performed with thiopentone 300 mg and suxamethonium 100 mg, and endotracheal intubation achieved without incident. The patient was mechanically ventilated with nitrous oxide:oxygen 1: 1 ratio with 0.5% halothane via a circle system. Following delivery of the baby, fentanyl 100 micrograms and pethidine 100 mg were given intravenously. Muscle paralysis was maintained with atracurium. The electrocardiogram, blood pressure, oxygen saturation, end-tidal C02 and inspired O 2 were monitored throughout anaesthesia and a ventilator disconnect alarm was in place.
At surgery, the uterine incision passed through the anteriorly situated placenta, necessitating its partial stripping from the uterine wall. A healthy baby girl was delivered six minutes after induction, with Apgar scores of six and nine at one and five minutes respectively.
The anaesthetic course was uneventful apart from modest hypotension (90 mmHg systolic) for ten minutes immediately after delivery. No significant changes in other parameters were noted at the time. Blood loss of approximately 1500 ml was replaced intravenously with four litres Hartmann's solution. When surgery was finished, muscle paralysis was reversed and the patient extubated head-down on her side once satisfactory breathing and airway control had been re-established, although she was still asleep.
Thirty minutes later, she remained unrousable. Blood pressure was 90 mmHg systolic and a wound haematoma and haematuria were noted. A coagulation screen was done and a two-unit blood transfusion commenced. Following naloxone 0.2 mg she appeared more awake but was restless and uttering incomprehensible sounds. A dense left hemiplegia was apparent.
She was transferred to the intensive care unit of
